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Data
speed of light in free space,
permeability of free space,

permittivity of free space,

elementary charge,

the Planck constant,

unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,

the Boltzmann constant,
gravitational constant,

acceleration of free fall,
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3.00 x 10* m s™

4 x 10" Hm™
8.85x 10" F m"
(1/(36m)) x 10° F m"
1.60 x 10" C
6.63x 10*Js

1.66 x 10" kg

9.11 x 103" kg

1.67 x 10" kg

8.31 J K'mol"

6.02 x 10% mol’
1.38 x 102 J K™
6.67 x 10" N m? kg2

9.81 ms?



Formulae

uniformly accelerated motion,

work done on/by a gas,
hydrostatic pressure,
gravitational potential,

temperature,

pressure of an ideal gas,

mean translational kinetic energy of an ideal gas molecule,

displacement of particle in s.h.m.,

velocity of particle in s.h.m.,

electric current,
resistors in series,

resistors in parallel,
electric potential,
alternating current / voltage,

magnetic flux density due to a long straight wire,

magnetic flux density due to a flat circular coil,

magnetic flux density due to a long solenoid,

radioactive decay,

decay constant,
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Answer all questions in the spaces provided.
1 (@) Length, mass and temperature are all S| base quantities.

State two other Sl base quantities.

(b) A small frictionless trolley of mass m is attached to a fixed point A by means of a spring,

as shown in Fig. 1.1.

/ trolley  trolley
)

f

Fig. 1.1

The trolley is then displaced horizontally 5.0 cm and released.

The period T of the oscillations of the trolley is given by

T :2.?\/E
k

where k is the spring constant of the spring.

Data for the oscillation is shown in Fig. 1.2.

quantity magnitude uncertainty
k/Nm" 25 8%
m/ kg 200 x 1073 2%

Fig. 1.2
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(i) Determine the period T of the oscillations, with its uncertainty. Give your answer to

an appropriate number of significant figures.

(ii) 1. Derive an expression for total energy of the trolley in terms of T.

[2]

2. Calculate the total energy of the trolley using the period calculated in b(i).

totalenergy = .......ccccovvinnn. J[1]
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2 (a) State the principle of conservation of momentum.

(b) Two blocks, A and B, are on a horizontal frictionless surface. The blocks are joined

together by a spring, as shown in Fig. 2.1.

block A . block B
mass 4.0 kg / sprin mass 6.0 kg horizontal
A Surfaco
surface
4
Fig. 2.1

Block A has mass 4.0 kg and block B has mass 6.0 kg. The two blocks are held apart so
that the spring has an extension of 8.0 cm.The elastic potential energy of the spring at

an extension of 8.0 cm is 0.48 J.

The blocks are released from rest at the same instant. When the extension of the spring

becomes zero, block A has speed va and block B has speed vs.

For the instant when the extension of the spring becomes zero,
(i) use the conservation of momentum to show that

kinetic energy of block A
kinetic energy of block B

[3]

(ii) use the information in (b)(i) to determine the kinetic energy of block A. It may be
assumed that the spring has negligible kinetic energy and that air resistance is

negligible.

| © DHS 2021 9749/02 [Turn over I



3 (a)
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kinetic energy of block A =

(ili) The blocks are released at time = 0.

On Fig. 2.2, sketch a graph to show the variation with time of the momentum of

block A, until the extension of the spring becomes zero.

Numerical values of momentum and time are not required.

momentum

time

Fig. 2.2

[2]

A block of mass 0.40 kg slides in a straight line with a constant speed of 0.30 m s’
along a horizontal surface, as shown in Fig. 3.1.

spring
block of 0.30 ms"™

mass 0.40 kg 9749/02
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Fig. 3.1

The block hits a spring and decelerates. 1he speed of the block becomes zero when the

spring is compressed by 8.0 cm.

(i)

(ii)

Calculate the initial kinetic energy of the block.

kineticenergy = .........ccooiiiiiini. J[1]

The variation of the compression x of the spring with the force F applied to the

spring is shown in Fig. 3.2.

x/cm
A

I .

o
v
m

0 Fuax

Fig. 3.2

Use your answer in (a)(i) to determine the maximum force Fuax exerted on the

spring by the block. Explain your working.
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FMAX e N [3]

(ifi) Calculate the maximum deceleration of the block.

deceleration = ........................ m s?[1]
(iv) State and explain whether the block is in equilibrium

1. before it hits the spring,

(b) The mass m of the block in (a) is now varied. The initial speed of the block remains

constant and the spring continues to obey Hooke’s law.

On Fig. 3.3, sketch the variation of the maximum compression x, of the spring with the

t
Xo

mass m.

\4

U

Fig. 3.3 [2]

4 (@) Sketch, on Fig. 4.1, a standing we inodes only.
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string

pulley

%

oscillator

weight

Fig. 4.1
(2]

(b) Draw, on Fig. 4.2, a wave that is 90° out of phase with the wave shown.

N
7|
M

Pt

Fig. 4.2
(2]

(c) Sketch, on Fig. 4.3, the diffraction of a plane wave passing through a gap that is smaller

than the wavelength of the wave.
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—

direction
of wave

Fig. 4.3
[3]

5 (@) A cell of eem.f. 2.50 V and internal resistance r is connected to two resistive wires in
series

as shown in Fig. 5.1.
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: 250V :
|
|
|
l T
A B C
e e r—————————————— ¢
Fig. 5.1

The wires are made of the same material but have different lengths and diameters. Wire
AB is 50.0 cm long and has a diameter d, whereas wire BC is 30.0 cm long and has a

diameter 0.30 d. The connecting wires are assumed to have no resistance.

Ras —0.15

BC

=y

Show that

[2]

(b) An ammeter is added to the circuit in (a), along with a voltmeter connected across wire
BC as shown in Fig. 5.2.

Fig. 5.2

If the ammeter shows a reading of 0.400 A and the voltmeter gives a reading of 2.00 V,

(i) show that the terminal potential difference of the cell is 2.30 V,
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terminal potential difference = ........................ V [2]

(i) determine the internal resistance r of the 2.50 V cell,

(iii) calculate the efficiency of the circuit.

efficiency = ...l % [2]

(c) Suggest and explain whether your answer in (b)(ii) is an overestimate or underestimate

if the ammeter is not ideal.
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6 An ideal transformer is shown in Fig. 6.1.

iron core
input output
secondary
primary coil coil

1200 turns
Fig. 6.1

(@) (i) State why the transformer has an iron core, rather than having no core.

(ii) Explain why an electromotive force (e.m.f.) is not induced at the output when a

constant direct voltage is at the input.

(b) An alternating voltage of peak value 150 V is applied across the 1200 turns of the
primary coil. The variation with time ¢ of the e.m.f. E induced across the secondary coil is

shown in Fig. 6.2.

| © DHS 2021 nTnen I
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Use the data from Fig. 6.2 to

(i) calculate the number of turns of the secondary caoil,

number=.....................ll [2]

(if) state one time when the magnetic flux linking the secondary coil is a maximum.

(c) A resistor is connected between the output terminals of the secondary coil. The mean
power dissipated in the resistor is 1.2 W. It may be assumed that the varying voltage

across the resistor is equal to the varying e.m.f. E shown in Fig. 6.2.

(i) Calculate the resistance of the resistor.

resistance = ..............l Q[2]

(i) On Fig. 6.3, sketch the variation with time t of the power P dissipated in the

resistor fort =0 to t = 22.5 ms.

3.0
P/W
2.0
Fig. 6.3
1.0 [3]
7 A
0
0 5.0 10.0 15.0 20.0 25.0

t/ ms

cyclotron is a device used to accelerate ions to very high speeds. Fig. 7.1 shows a top-view

I © DHS 2021 9749/02
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diagram of a cyclotron. It is composed of two hollow, semi-circular electrodes called “Dees”.
The

“‘Dees” are encased inside a vacuum chamber and exposed to a perpendicular uniform
magnetic field. An ion source lies in between the “Dees” at point A. An alternating voltage
supply is connected across the “Dees” such that the voltage changes between +V and -V after

a constant time duration.

During operation, the voltage supply produces an alternating electric field in the small gap
between the “Dees”. This is to ensure that the ions are accelerated each time they cross the
gap. On entering the “Dees”, the uniform magnetic field causes the ions to move in a circular
path. As the ions speed up, they travel in ever larger circles within the “Dees”. Once the ions
reach a sufficiently large speed, they exit through an outlet in one of the “Dees” which is aimed

at a target.

ion source

alternating
electric field
in small gap

alternatin g
voltage
supply

uniform, £—"X_
perpendicular
magnetic field
in the "Dees”

ions exit cyclotron
'''''''''''''''''''''''''''''''''' * and move towards
a target

Fig. 7.1
At any time when an ion of mass m and charge q accelerates across the small gap, the

potential difference between the “Dees” is V. The ion then travels in a circular path in the

“‘Dees” where a uniform magnetic field of flux density B is applied perpendicularly.
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(@) Show that the time T for the ion to complete one revolution in the cyclotron is

independent of the radius of its circular path r.

State an assumption you made.

[3]

(b) A helium nucleus of mass 6.68 x 10" kg and charge 2e (where e is the elementary
charge) is accelerated in the cyclotron by applying an alternating potential difference of

450 V across the “Dees”. The magnetic flux density through the “Dees” is 0.850 T.

(i) Calculate the time T to complete one revolution for the helium nucleus.

(i) Determine the frequency f of the alternating voltage supply so that the helium
nucleus is accelerated each time it crosses the gap between the “Dees”. Explain

your answer.

(iii) Explain why the expression for the gain in kinetic energy of the helium nucleus

after one revolution is 4eV.

I © DHS 2021 9749/02



I © DHS 2021

19

When the structure of the Earth near the surface is surveyed in prospecting for oil or

minerals, one frequently used method is that of seismic reflection surveying. The process can

be very complex because the strata in the Earth’s crust are by no means regular, and also

the quantity of data that is usually received is very large. Some of the principles behind the

practice of seismic reflection surveying are explained and used in this question. The data

have, however been simplified.

In a place where there is horizontal change in rock type at a certain depth, an explosion is set

off. Fig. 8.1 shows an arrangement of eight detectors (D1 — Ds) to detect vibrations from the

explosion at source S, a short time after the explosion.

surface of Earth

[

D D, Ds D4 S Ds Ds D~

/

route 1 —— rock

Fig. 8.1
time the explosion commences.

0.2- = ,;_f?

route 0.3

0.4-}*.2’ ’ =
0.5 .-_5;‘*%“:?% ,
0,63 =

0:/ =]

route

0831 by Dy Dy Da Ds Do D7 Do

time/s

Fig. 8.2
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The rock through which the waves are travelling is known to have a density of 2700 kg m™
and in the rock of this density, the speed of P-waves is 3.1 km s™'. P-waves are longitudinal
waves and are responsible for the pulses shown in Fig. 8.2.

Answer the following questions, taking data from the diagrams where necessary.

(@) Explain what is meant by a longitudinal wave.

(b) The speed v of a P-wave is given by

\/K
v=y—
p

where A is a constant and p is the density of the rock.

Determine the value and unit of A.

unitof A= [1]

(c) Apart from route 1 shown in Fig. 8.1, draw, on the same figure, another shorter route

P-waves can take to get from S to detector D+. Label it route 2.

[1]

(d) For the detector Ds shown in Fig. 8.2, indicate the route number corresponding to the

two routes in which the P-waves arrive at the detector in (c).

[1]

(e) The amplitude for each pulse of the same detector in Fig. 8.2 should not be the same.

Suggest why this is so.
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(f) Determine

(i) the distance SDs and

distance = ... km

[1]
(i) the distance SXDes.

distance = ... km

(1]

(g) Use your answer in (f) to determine the depth of the rock in Fig. 8.1.

(h) S-waves are transverse waves and always arrive after the P-waves. In Fig. 8.2, the

arrow patterns develop when the eight detectors are used.

(i) Sketch, on Fig. 8.3, the arrow patterns obtained when S-waves, travelling at
2.4 km s™ are added.

[2]
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0.3 ! \
0.4-
0.5~ . A
0.6
0.7

0.8

Fig. 8.3

(ii) Sketch, on Fig. 8.5, the arrow patterns obtained when P-waves travelled through

a rock of uneven depth as shown in Fig.8.4.

[2]

surface of Earth

------------------------------------------------------------------------------------------------ original depth

rock

Fig. 8.4
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0.3+ / \
0.4-
0.5~ R .
0.6
0.7

0.8

Fig. 8.5

(iii)  State another factor, besides the speed of the waves and the depth of the rock,

which may affect the traces shown in Fig. 8.2.
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